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(57) Abstract: When p-typc Mg^Zni.^O is grown by an 
oi^anometallic vapor growth method, a Mg^Zn^.^O layer 
is heat treated in an oxygen atmosphere during the growth 
and/or after the growth completion. In addition, the surface of 
a substrate to be grown and a material gas are irradiated with 
a ultraviolet ray when a semiconductor layer is vapor-grown. 
In addition, when a Mg:^i.xO bufifer layer having its c-axis 
oriented in a layer thickness direction is formed by an atomic 
layer exita^Qr method, a metal mono-atomic layer is grown 
at first In addition, a ZnO-based semiconductor active layer 
is formed by a semiconductor material mainly consisting of 
ZnO containing Se or Te. A light emitting element is formed 
by using these techniques. 
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vpt, ett®oe^^|£X0'ffi®^1»±SS<^^3:;^:/l.df-^^yWEc i, Ev i 

5 Eci<Ecp (1) 

E V i > E V p (2) 

(0$t®{±.A 1 GaN^eifT-feil^i^ nMMg,Zni_.0® (fcfcU O^z^l : 

zno5!^(Z)g?^i:#>$i-!»sffcT«iric-et5fc«> mr. ^(DXo^m^m^^ r^mit 

tir) (K-z-^^-h^B^O ,:>c#g/i3y^ hBiMdSpT^t/jJS, ::^-C, nP.MgZn 
OS 3 4 pMMg Z nO®©tSSJt*^L<-rnii, Stt®PffllJ©!iK7^i^^^-y>'l' 

Lia^^V^ct^tC, ■0!|;ttf3 0 nm~l 0 0 0 n mOfiSt -TS. 

Mg ZnOfStt^3 3{CioV>T, ^S^lt y <Z)1i(t , K^-^ .y ^x^wUdf-E 
gSrSti^SS^irti^JcSo mx.\ii. fii:g2 8 0 nm~4 0 0 nm(Ci5fe^jiai§)t*tt 
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25 

/^|S|^(Oi^$li,^^y-<:^--K■C'liO. leV~0. 3 eVU&. ^'^i^^—^'- 
^MX'tiO. 2 5eV~0. 5 eVmmti-i}<Dil^X\f\ CK^fttt. pSMg.Zn 
,_.Ol2, MgyZni_„OS<4^3 3^^tf nMMg . Z n ,.,0® 3 4<^=S-j!£SJt 

f i$'=lrv'irvI^^:g:L. 2feV^-C\ pMMgZn0^52 (^J?^J^« 5 0 n m), Mg 
ZnOSttl53 (®i|C*Rlxf*3 Onm) ^lU^n^MgZnO^S 4 (®J?^?!lx.« 
5 0nm) t::i<Dmm:iXmmi-?> (fifet^WSJ^Sri^^^-fr-CbiiV^), inP>#g<» 
10 :3L]^^^i/^/v^^tt. tlJ!&<DfflUMOVPE&{CTfifeS-e#'5o ''jliJ. 

OMBE (Metal Organic Molecular Beam Epitaxy), ;^Jg5c3^^5>ag^®fl£i: 
^m7Em5)c5^M5r^«s:i:-r5;5f;^y-x^MBE. ^jl7C^J3fe^>a?.^^mi^Jl 1 
15 ^MTC^fiJt^J'ii^Srmi^Jt-rSfk^lf-AJ^ftJ'^v' (CBE (Chemical Beam 
Epitaxy)) ^WL^tLX^tfo 

mSAiZ^i-^Oi^. MOVPE^JriO. pSMgZnOJiS 2, MgZnO 
5 SRXfnmM g Z n 5 4 Sr^XI^ DlS5|S|-«rfflV>TI^-©R*£:SSrtJ- 
Tili)^e*H-^;g-Ct-5, ZOm^^. GaN^<y7T® (0 5 AT'MS^-er-f ) i:<^ 
20 SlS14*(S«t, <#^lE-&tt^i^*5fc*tc:. #'>{£*oM.^?iJ;i«3 0 010^4 
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A#:6fjtcji, NjO. NO, NOj, co/j:^„ :^Mmmmvit. N^o (mmitmm) 

• ZnM i^mi^i^m) fiT. : v?;><^yW3Efa (DMZ n) (DEZn) 

10 • cUiiT. : ^^b;!k3g (^«J^{i c ^ i ^'ik^i^tiT jv^fvfi if) ; 

• S ^UHT^ I ±\^>'<t^mtj:ifo 

15 •AiaK;«f;^; M;;><f^/WT/V'5 = !?A (TMA I) , h y if^/l-T/W* (T 
EAl) /fif; 

'Gam.:ff^: h y y !>A (TMGa) , h y3^^yW;{fy (TEGa) 

• I njS;!/;^ : h y ;?<f'/W^ Vi?^?^ (TMIn) , K y Jc-^/W^ A (TEI 
20 n) JJciTo 

p^K-z-^^ht L-C^mTC* (Ga) i:i:t>f-N;dS^^$ix5^^, pMMg 



wo 02/089223 



PCT/JP02/04127 



27 

h p - 7 M F C ( c J: 9 $iJ^ f -5 o 
^^•9 t#ffi^jE;'j^T»f5 (CiJxtf 1 OTo r r (1. 3 3 3 2 k P a ) 7fe?iS<!; 

10 :*:^<LTtAv^ 

MgZnOSMS a&t^pMMg Zn0^5 2^^:61-5ligr±, 
A© 2® (a), (b) fc^1-<t5t. l©^:BSr, (n^O) 0#t^ 

mm^m:ff:^'p(D'^m-(*:^ (Zn^Mg) S:, 
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10 ?^j:t?ix5o 

^-efi7 0 cc) <Dumc^n^i^x\^^^ii^mii^h?>„ ^^stasi o i o ot:7fe 
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r±-r^i)K m8A--cRx/m9A. Bj^jov^rn. :L(DmmM^^'^mLxm\'^ 

20 fc«?)iJgi^;4Sii< /^j:oT*5t). 0.0 0 2#<Z>/N--v?^rBlX-«:^+^T-fc-5, ^CT\ 

mviM(DM.{^mf3i0k^t\.x. mk.\iummm.i o y y h^u/^^ (^^w^^^), 
y mm^mkW). m^mm^ioox:. f£tn goto 

rr (101. 3kPa). l1t>Ci^/l'(7>^nf^mi^5^l 5^^mX$>^o 
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OTorr (1. 3 3 3 2 k P a ) JJt±{C<!ibi^i-5 C i *S^iaiT?fo5o mfJl J; >9 
Se^©ill8t755-®«I$fJ ^n.fiS^^aO/J^J^jM^M g Z n OJSSrfig:^-^ 5 ^ i iST* t 

10 So ^icmm^^mtLXN^o^^m-r^m^. ±.fs.<D^:>3^M\cx^^:,o<DM 

7 6 OTorr ( 1 ^JE, 10 1. 3 k P a ) T-<Dffi;^lT-'t^m«+^ii* 
Xh^o 760Torr (101. 3 k P a ) Jetr-C$)nfJ. SiS^S§l^ 

760Torr (101. 3kPa) «riSx.6£E;^*Sffl-r5l8#ttx^Srt 

20 ^^^O^ia^mcitJiii'ltMfC^J^S-^^-Cfc-S m^it. 7 6 GOTO rr (1 
O^ffi, 1.0 1 3MP a) Sg), 
C©J;9lcUTIS^®§|J<Ofi8S;i5*^T1-tttf, 0 6 (b) (c^l-J; pJcnMMg 

ZnOm5 4±\C-^mS.^m2 2^m^\.^ me (c) Jr;^■rJ;9^^:-!^7rWTg 

«i otrfusiufc^, pmMeznoM5 2micm^mmtmm2 5 m^an 
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>ii5, M g Z n OettH 5 3 STJf p S!M g Z n 5 2 (Dfk!Km^U<Ofz.M^, 

10 N^OiJESi y y ^/^/^ ^^®jflS8 0 or. JE 

:^j760Torr (101. 3 k P a ) T'^iSi^P^ 3 O^J-Psl-Cfei. 

t.tz. lilJC*5V>-C. SttM3 3«, p^Mg Zn0^2 t©P«^J;i^'f7'IIO/^ 

mSStLXti. m^til nGaNM (OT. I n G a NfilttM t ^rffiV^S 

Vy^l^'i-i/-fi^m^^icih\ ttt. la 1 0 Atc^-TJ; 5 fc. pmpy yVm (p 
MMg , Z n ,_.0^ 2 ) <0e«^jSjfcU«a;^^±«S<0^^.^^l'=¥-^^/l'E c p , 
E V p t . SttM<o6cS¥^i£»t50m-7^^±il8<©#J^^>/»-='?-U'-<vi^E c i . E V 

20 E c i > E c p (3) 

E V i > E V p (4) 

25 jifc^JftS^^-y-yrSl^-g-iSfllii^tt, iiSi/>l6>tJa^S:lim-r5Ci:j>s-e^5o 'fc 
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9^^tt0. 3 4^a^0. 4 7i:-t-5(DjJSJ;<. i«^^jai63t4rm^^'g-f±0^a^ 
0. 1 9 t-t^(Dtii:\f\ 

3 4itTtt, nSAlGaN (Al^Ga ^.^N) l^ffll^S ^ a: *S-C?# -So ^nM 

Eci, Evit, nS!^7i/K® (nMA 1 GaN^4) CDlG^^grjSSOfffim^ 
10 ^±Si8co=§-a:^/i'dE^-U'<yi^E c n, E v n <!: <D^{c^(D J; p /j;;fc;/Mg#.>6S^i£ U 

E c i < E c n (5) 

E V i > E V n (6) 

tt, tiS:-?^±sg{^fe»t5J^^/»'=3E^-K^;i;$ (ev i-Evp) €::^c#<-r5:: 
iifeifcxtt, ^^y>r;a--K-ci4o. O5~o. 2M, ^^flc^— f*-^M-ef4 

25 0. 1~0. 4e^t-f5<oiSJ;v\ 
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t.1t. ® 1 OAfC*JI/NTfi. I nGaNS-I^^SrffiV^fcii^^Jl^K:, Ecp> 
E V i t/jJoTV^SCt> o*«? pS^'7 5' KMi:fttt^t<^PN^X'^±^;6S;3— ^-^ 

IkximiOA, B#m)« 06 (a) (c^-Tiplc, c::T't>f-7T-fT^«i o± 

JCGaN/-«5'7r^l ^J:V>-C, pMMgZn0^52 

(^JP«»Jx:tf 5 0 nm). MgZnOett®5 3 (®JiE0iJ^ff 3 0 n m) aT>*nSM 
20 gZnOii5 4 (Mfiaj;ttf 5 0 n m) Sr^ I^T^:S1--5 (^gi®/?i£rj£^ 

-^-/iti?^, Mg Z nOStt^S 3}5.UfpSMg Z nOgS 2i^fi!tft-r5^{C, 
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®{::ifi]ttT^^j^srm Loo. ^mmt^iM^itmt(omimn^^^^m^i-^o 

g Z n 01, M g Z n OSMAtJ^nMMg Z n O^Sr^TI^ CWM^M^^^Xm- 

«-efc«J. N20^rWttl^JS;y;^i©#«SS;iS^n*'ti.l 0 0 cmV^~l 0 0 0 

cmV5>S.U5l 0 cmV:5>~l 0 0 cmV^ (V^TtU-b^ip^^^^^) 
Wj^'Sr 8 raw/ c m*M(^'b<^*«ffl-r5. 

20 mn:a^xh^^m^m:^^tmm0.^m^y^ (n^o) .tii. 7^si&fife:»-^s:^-r 

(D^m^^<^i^^n UT. iS<ll4&?^^Sf£:tctt^# L?i^ < /iSo CIO J; p 
25 J&li. S;Cm©iaS;SSliS<*5l5ifiifTL-^-t</j:5;iS, '^JxtfSfeSS^ttFlEU 
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}t^±^mimmuz< < *«9, m^xiim^ii-h<Dmf^mi)mmmi^xy)mhtix 

^®5*fi:*«&-d*oa^WlJ:iiff$-B:5±-C%fiJ-e*>S„ fife;*-. 0 1 2 {c^^-f J: 9 
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6 (d) ^fflV^Ti!^BJLfct)Wif^^•C•*,5, 
^T, la 1 3 tc^-r J; 9 Jc, f-^r-rrSSl 0±{c:MgZnOd»?>?5:-5/^5/7 

«5 0nm), MgZnOSffii3 3 (^®0i|^«3 0 nm) StJ^pMMgZnO^ 
15 3 2 (^mW^«5 0nm) ^wOm/^ICT^: bf^*v'-t/V^:&i-S (3 2~3 5 

MMgZnO^S 4, MgZnOe^^3 3&TJ5pMMg Zn0^3 2^±XWiC 



wo 02/089223 



PCT/JP02/04127 



37 

5 fi^«, MovpE(oRft^^^[^iz.xn^j:^m^it. 7 5 ot:w± m^RcoBAX 

10 Lfc^Sf-TS^Mtr. >:«^0%^^«lS«i-Sfc4t)|C2 5 0~3 5 ot: (Ttcll 

^iis&u /<2/77®i 1 i<D-nt:^irm^<o^mm^mi:ALEmizx^s^m'i' 
m^mom^tii^^m^x-m^i^. ^w^^m:ff:^Mo<Dmii&i:mm\^xii. -eti 
20 ^(Dm. ^m^m^:^Mo<D^it^t:i^±L. mm:ff^xR!:^^mmf^t:m^Lx^ 
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Onmm^^T'fiO. 1 nm/s e c M<^iiaX-^;&^rm\ &^mtl n 
5 m/s e ci«±CQ^ST♦fi!c:gSr^T*5c:^:;^sft»/J:2pa^^W•r6/<y>'T^l 1 

10 gzno^^mimmt-r?>:zthx^^^o tit. ^y7^T^m<r>m^m(n>om. 

hA I -1 i:A 1 -2 fcd^t>fig;«9S[c-CV^5. g^om^)i±{c|Sji$ti 
S^Mmm^^^ZnM^^t L^ti^, OJ[^^l*:/M.:tZnJl^iAl®-7^i: 

fitm^ttsi^xzni^=f-m\z\t^ m-^^ h\zniiBir^znw.=f'^x. om=f'm\z 

5o -<^^fS*l5i^i-5t::i±. Eli 8 BfoSv^fiS i 8 CJci^-Ti S^EOOi 
(jfev^LffiS^^^^) Sr. ZnJ:!9fc'f';^->'i^^^^0/J^^V^I imw.1- mx. 
20 «Mg^Cif). fcSV^tt>f:t^^l^g(D;kc^V^I imm^ («3Jx.tf C a , Sr, B a 

if) i:m§Lti\tmxm^^^it^^m\:.mmb\.xm^'t^:Lti>K mt^m\zTi^^ 

25 gZnOS5 4) irWHajC, m^^tvm^K-Bi.X^B^^mt^-kLih\Z, ^M^^ 
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Xm^^fi?)m^. Mg-r;d->'Omo l-g-5irl:«:NMg. Zn-f±>'<r>mo 1 
^NZniLT. ^m^'^:tyme.^mm^<y /-■i!' v =NMg/ (NMg+NZn) iZX 

a^^Stt, 'BaJx tfa 1 9 B © i p {c, V ;6S A B i: (0raX'iiJ9;tri6ilcigiK6*jlc 

^<yyrmil l<ol^mi^mT-ri^\J^, 01 4C(c^-rj:9jc, nSlMgZnO 
^34, MgZnOStt^3 3Xt;tpMMg Z nO^ 3 2 Sr^L^HSm^TMOVP 

. j^X^^bife (I TO) ^yi^feJtCSilSg^®! 2 5«r?gfife1-5-;^, 
15 s^WpSMg ZnO^a 2±tCt4^JimSl 2 2S:?g^L. ^-^^^ ««10it 

0±Jc:Mg Z nO;{l>t>/c(:^^^5'7T^ 1 1 It^^^^fl. $ ?>JCMg Z n 0;d^^^i 

^^5/75-^1 1 l±»c:ttiai 3tMM. 0*0 pMMgZnOSa 2. M 
gZnOSttlS 3iltFnS!MgZnOlf3 40jlillP-CS?gfi£i-5rtt::/fc5o - 
©«I^(-J:5t, S«l OlrfiJSItfcffiiJ{c^^lSP?r''£l-Mg ZnO(D^S^d>S 
ai-rs?^<b /.C6©-C. J: !5 »i^i4(c^tLfc^i^tr^§S :itt^x^ -5, 
25 (Iljl<^^ffi4) 



wo 02/089223 



PCT/JP02/04127 



40 

0^<y7r^2 11. nSMgZnOSil^k*fe)M2 3 4. Z n O^N«^^fls:«ttl 2 
3 3, $e>«CpMMgZnO^Kib1Slii2 3 2^. ^lf^=^i^-^/V'/i£SjfelC J; 
5 ^fi-g-MJwXes^-BrSCiirT. ^^:>^/i''-7'oMco3S)fe;ilfiS2 0 0*s?g^$i^5. 
Zn05^i|i^flcfi&ttJi (lsiT> mizm^mtt^-t:5.) 2 3 aw, I I^^TcJtf^Z 
n ^: L. V I mycm^Ot . S e SfcttT e t VtzZ n O^^mti^X !9«fi5t^i^6o 
13 2 OA{r*>V^-C, fSttM2 3 3f4^;it tT«^$ix5;6S, 02OBf4, 
2 3 3Sr. ZnOi^2 3 6 4«{c:, Z n S e t L< ttZ n T e J; J^^SSij^ 2 3 7 

10 /)K 2 3 3 o-i>^^^To®^4ix-^«g6*j{c;;h}f $tbfc#Ji^ito?i^^i 

02 OAlC^f J; »tte2 3 3Sr. S e 'b U< l*T e Ic^tf Z n 0^i|£# 

15 >'h^^^yy3i:^Ji-ef~i:n^mmmLftii(Otir^Ztifi-^^^o t.tz. 112 
0B»'^-rj:9(C:, ZnO±^2 3 6t|Jfc, Z n S e t> U< flZ n T e J; 9 J^f-SiiJ 
®2 3 7Sr^»l6<){c^#^it/c#l«5ti:-t-5C.>:l?. STA^ixS S e t> U< «T 
e i:Si£^<OZn^(7>i^-g-<i«ri§«)S:ii2lS-e$5o El2 0BT-f±, iij^2 3 70 

ttis MM 2 3 7 (Dm^mm-i. m^m2 3 3\ci3tf^Bif=}<o^^&^iz 

02 0AXtfBlC*3»t5S«2 lOirLTI*. HifioM 1 ~ 3 {CTfflV^yS:t><^ 
i:l^tiOt(OSr^ffi-C#So Sfc, Z nO^<S'7r^2 1 1 (^?i^^{±, jc: fi^:2E-i^ 
25 i'/VfiS^jfelCj:!? ZnOMa^ia^^F-fr-CfciV^iS, ZnS. ZnSe^feliZn 
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n^MgZnOS!S&^k#lii2 3 4 («T. ^Klnl^Mg Z n 2 3 4 <!: tfEl" 
5 T. ^tCpSlMg ZnOii2 3 2 tfesB-rS) icSSiPl-S K-^-«>' htt, HJfe 
13 2 0 A»C^-r#e©3it°:J':5r->ir/l-fi!c:fef4. MO V P E&t L < ttMB EfetC 

10 ^i^Mi: L^^^feJiTC^^^^^Ig^rHi^ft-t-SMOMB E (Metal Organic Molecular 
Beam Epitaxy). ^JS7n^fi£55-ig«r@«Jt U#^:&M5Em^:»Mt:^{i|£<b1-5;!t/;^ y- 

;^MBE. ^myimfSi^m^^m^mt v0^m7im^^m^n.i^tir^it^^- 

(CBE (Chemical Beam Epitaxy)) ^^■^.tX.X^t^o 
ia2 0BlJ:^-t-ZnOi^2 3 6tt. ±IE<?: ll«03ct'^5'^i^^yU^:gjfe|z:TJ^ 
15 ^-rs r ^3JS-C# 5. fi&tt^ 2 3 3 ©-4>d^giWT©0J!S#i{CijS-r6!gf'S 

;65fc5ZnSe'bL<«:ZnTe<t«!)'&5ilJ^2 3 7t4. ALE (Atomic Layer 
Epitaxy) jfeJCj:*), mM2 3 7 (O^mt^i^Z nmii7.ts S t < S e M:;{f 

r t -e. iJJi 2 3 7 0«llgs!5^ 1 i 9 /h* < i-5 t ;6S-C# 5, 
20 #^0±i^;|sfi; LTtt. S eStfTeilgi^Jl^tt, ^J!gcO?gfi|l~3(^MOVPE 

tl^filTfcS. S eM:!^:^^ LtfiHjS e Sr. *fc. T ei|g;!!f^ i: LTtJSH 

iJl±<^J:5l;iLT|I^^S|S2 0 0OfijcS*i«i^7l-tt«. S4R2 1 0{B!J4r7 5/ 
25 ^. -€:t-C^s'^:^^uyh^. 112 l©:^^gl{c:^-r±p{c. I n J: •? p^m 
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eSfc A 1 SB«*Jfi-t-w IC J: !9 Z n 0^#^flE|S^5!l^4-#5 i t i,iX' 
tSo itffiiaiUfi. it Lrp^MgZnOjg2 3 2{a!j?5*?>fT*5::i:fC?fe5o @ 
2 ITfi. pMII^2 2 3®?^^^^*^e>(i^©aiL;d5-C-#/<CV^3tie). 1112 2 fC:^ 
5 1 i: 5 Iwfi&tt^ 2 3 3&l^pSMg Z n0^2 3 2 <D— $|J«r7;d- h U — 
«^fcJ:|9-a5Bfe*Lr, -r^-i^^^A . ;;^Xgg{b4& (I TO) ^A»e5/^2>Sig««i2 
2 5 i:m^-t^ a^<^pMMgZn0^232 ±tCtt^m«S 2 2 2 SrJi^fiJt 
^©m. f-77-r7'S«2 2 1 i:ifclc:yWv'i^i/-rti«Zn0^ijt^flc|63t 

10 b=fT/j:pr2:tw/j^ao 
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^ ^ <D m 

10 2. n^i?75/ K^, ^^0fp^Mg,Znj_,O (Ttfc'L, O^x^l) 

(±f^^^j'^<omt:mm'^^s^m%'pi::x^mmi-^xmt:'^t^pmir 7 y ks^ 

3. nM^7s^ K®dSn^g,Zn,_,oe (fc^U 0 ^ z ^ 1 ) 0 > 

ej4^*SMg„Zni_,0^ (fcfc'U 0^y<l, x>y) t^f>fi<(i . 

25 m£.m^m^^lL%\-t. SJC^Srtlc. *ttl^JS;if^&«*^^ai;!f>^«r#fi^& 
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15 *©«5fflf^ 1 ^>&^v^ 6 ^<^v^•fi^;&^ 1 ^K^<om%m'i-(omW5mo 

20 ii;^feo 

a^lB^^Si ft r im^ll Srfigit Loo, t m^mtU t omim^mnif 
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11. mmmmtmt&^i^m^mt(omKmf^^MmmwMif^(omm^. m 

1 2 . im^nfSt^^^m&m^^^&m\zxn^j: o:it sr#m t -r sit*©© 

15. ig^^$iiASMg.zn,_.o (ytfcu o^a^i) m.mimt>it>fi^^% 
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1 8. mf&mmMi^M^ti^yyvj^mmm^m-t?>mtm^hfj:^h<DX' 

10 19. |frE^^k4fe)^i^Mfe^t1^7T-<TS^5r♦$>5w^:^Sr#ili:i:1-5lt*(0|S 
urn 1 7 1 8 3®{ciBm(^3g3t^^ ©M*feo 

20. S«±{C, Mg.Zn,_.0 OSa^l) l!S^{bi^;6^P>*55g^ 

15 ^-^^^^{j:. 

mmu g . Z n i_. OS^^kl^W:. c tt^|p]»;:35S:i::ffi)i ^ns^JSIi^l ig?^ 
25 MIB^^yKSJi. Mg,Zn,_,0 (fc^L, O^x^l) mm\^^i:'!)M 
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2 2. illBfiH^jitt. ZaOX*)m^'^tii>±m'Pi^. Z n S e t L< ttZ n T 
am 2 1 V^ 2 3 ^(^V^T tlA^ 1 ^('IBicO^iem^o 



10 
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1/20 
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